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0 Antistatic silver halide photographic light-sensitive material. 

0 An antistatic silver hal.de photographic light-sensitive material having a support, provided thereon, at least 
o^e i.ght-sensitive layer and at least one non-l,ght-sens.tive layer .s disclosed. Said at least one non-light- 
sens.t.ve layer compr.ses a polymer compound consisting essentially of a repeated structural unit represented 
by Formula [I], and a formamide compound represented by Formula [II]: 

Formula [ I ] 
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where.n Z- and Zz represent the group of the atoms necessary to form a s.x-membered ring with - N« -: R 
Tepresents a divalent group: R. and R= represent independent.y one s .ected from the group - ^g o 
an amy. group and an ary. group: R 3 represents a hydrocarbon group: R? and R s ^^^^ 
hydrogen atom or an a.kyl group: X ® and ^ represent an an.on: a and I represent an .nteger of 0 ^ 
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ANTISTATIC SILVER HALIDE PHOTOGRAPHIC LIGHT- SENSITIVE MATERIAL 

Field of the Invention 

This invention relates to an antistatic silver halide photographic light-sensitive material and. more 
particularly, to an antistatic silver halide photographic *ight-sensitive material comprising at least one light- 
sensitive silver halide emulsion layer and at least one non-light-sensitive antistatic layer. 

Background of the Invention 



jo 



In preparing and using a silver halide photographic light-sensitive material, there is liable to be 
accumulated static electricity in a light-sensitive material. Such static accumulation will cause many 
troubles. One of the most serious troubles is that a light-sensitive emulsion layer is hit by light emitted by 

rs discharge of static electricity prior to development of the light-sensitive material and there will resultingly 
produce dot-like spots or twig- or feather-like irregular and uneven density. This phenomenon is so-called a 
static mark that seriously impair or sometimes, entirely destroy a commercial value of a photographic light- 
sensitive material. Such static marks cannot be found until light-sensitive materials are developed. This 
trouble is. therefore, one of the very troublesome problems. The above-mentioned accumulation of static 

20 electricity also causes an adsorption of dusts on a surface of a light-sensitive material, from which other 
secondary troubles such as a coating trouble may be derived. Further, since the supports of any light- 
sensitive materials are hydrophobic, accumulation of static electricity usually becomes greater and. in 
addition, the higher a processing rate and a sensitivity of an emulsion, the more the static marks, so that 
light-sensitive materials are seriously affected thereby. 

25 With the purpose of preventing photographic light-sensitive materials from accumulating static electricity 
{i.e.. electrification), variety of substances have been used so far to serve as antistatic agents. They are 
ionic and conductive or hygroscopic substances, with which electrification may be prevented by giving a 
conductivity to a light-sensitive material so as to rapidly eliminate an accumulated charge in advance of 
discharging it. 

30 As for the methods of providing an antistatic property directly to the supports of photographic light- 
sensitive materials, there have been known methods including, for example, one in which the above- 
mentioned substance is incorporated directly into a support comprising a macromolecular substance, and 
the other m which the above-mentioned substance is coated directly over to a surface of a support. In the 
latter case, the surface of the support is coated with an antistatic agent directly or in mixture of such as 

35 macromolecular substance as gelatin, polyvinyl alcohol, cellulose acetate, polyvinyl formal, polyvinyl butyral 
and the like. There is also another method in which an antistatic agent is incorporated, as well as into a 
light-sensitive emulsion layer, into such a non-light-sensitive auxiliary layer as a backing layer, an 
antihalation layer, an interlayer. a protective layer and so forth and there is available a further method in 
which an antistatic agent is coated over a developed light-sensitive material so as to prevent it from 

-io adsorption of dusts in handling. 

In the meantime, when using the known antistatic agents for high-speed silver halide light-sensitive 
materials, few of them can provide a satisfactory antistatic effect especially at the conditions of a 
substantially lew humidity, or they lose an antistatic effect to aging. It has. therefore, been difficult to apply 
them. With the purpose of solving the above-mentioned troubles, there have so far been attempts to 

45 develop a variety of antistatic agents so as to apply them to photographic light-sensitive materials. For 
example, as described in Japanese Patent Publication Open to Public Inspection (hereinafter called 
Japanese Patent O.P.I. Publication) Nos. 18728- 1979 and 1592221979. the so-called ionen type polymers 
having a dissociative group in a mam polymer chain have been applied to silver halide light-sensitive 
materials. However, low solubilities of those polymers in organic solvents are liable to have a defect to 

so result in forming an opque or striped layer on a support instead of a regular layer in applying them to a 
light-sensitive material, which prevents them from providing a satisfactory antistatic property. 

Summary of the Invention 
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It is an object of the .nvent.on to provide a s.lver halide photographic light-sensitive material having an 

6XC ^ is to provide an antistatic agent excellent in so.ub.Uty ,n organic solvents 

and in layer producibility in coating. 

Detailed Description of the Invention 

The above-mentioned objects of the invention can be accomplished w,th a s.iver hai.de P n °^raph,c 
„oh Jsens^ve matenal hav.ng a support, provided thereon at ieast one iight-sens.fve s.lver hahde emu.s.on 
aver an i?M one non-light-sen S ,t,ve layer, where.n sa,d at .east one non-,ight-sens.t.ve layer compnses 
an lonen type polymer compound consis.ng essent.aHy of a repeated structural urn, represented by the 
following Formula [1]: 

Formula [I] 
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wherem Z- and 2- each represent the group of the atoms necessary to form a s.x-membered r.ng with - 
N«! r represents" a divalent group: R- and R 2 each represent an alky, or ary. group: R-, represents a 
hy dro caSo P n grotp. prtferab.y having , to 20 carbon atoms: X,* and each represent an anion: a and 

30 1 Z^7TXT 9 ^:Zl::^ by R . and R 2 preferably compnses , to ,0- carbon a = 
and the a^ g oup represented thereby preferably compnses 6 to 12 carbon atoms The alky, group 
mdudes. more preferably, a methyl group, an ethyl group and a propyl group. ,n part.cu.ar. The preced.ng 
groups also include those having substituents. 

35 The divalent group represented by R includes an alkylene group. 9 
' The an.on S represented respectwely by X-* and *• -nc.ude. for example, a hatogen ™ *J»°» ; 
R.S0 3 e and (HoVpOO 9 . X.9 and may be the same with or different from each other. R, 
regents a h^rogl^ atom, a subst,tuted or non-substituted phenyl group or an aiky. group havmg , to 8 

40 "TaSo'n to the forego.ng po.ymer compound represented by Formula [.]; at .east one none-l.ght- 
sensL^aye! preferably contains a formam.de compound represented by the foHow.ng Formu.a {..]. 



Formula IIIJ 



H-C-N 

R 6 



wherein R, and * represent a hydrogen atom or an a.ky. group, prov.ded that one of R 5 and R* .. a.ways 

"Ce'roneXe polymer compound consisting essential* of a repeated structure, unit 

Formula ?] (here'naL ca.ied the polymer compound of the -nvention, is represented preferabiy by 



following Formula [III]: 
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Formula till] 
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wherein Z . Z z . R-. R2. R?. R. X e and Xr e represent the same groups as those defined in Formula [I]: n 
represents an Integer or 1 to 200. preferably 3 to 100. provided that the polymer compound of the invention 
is generally the mixture of the compounds having different n number, wherein n represents an average 



number 



nber. 

Further, the polymer compound consisting essentially of a repeated structural unit represented by 
Formula [I] is more preferably by the following Formula [III-A]; 



Formula [III-A] 




wherein Rr. Ri. X e and X 2 G each are synonymous with those denoted in the foregoing Formula [I]; 
and n is an integer of 1 to 200 and. preferably 3 to 100. provided that the polymer compound of the 
invention <s generally the mixture comprising of the polymer compounds having different n number, wherein 
n represents an average number. 

The polymer compound represented by Formula [III] and [III-A] can be synthesized by reacting the 
diamine compounds represented by the following Formula [IV] or [IV-A] with the compounds represented by 
the following Formula [V]. 
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Formula [IV] 



R i - I* f- ( R ) a H N — R i 



Formula [IV-A] 
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Formula CV] 



X l ~ R 3 X 2 



wherein Z- and Z 2 represent an alkylene group including the substituted one: R. R« . Rx. R?. X- . X- and a 
25 represent the same groups and number as those defined in Formula [I]. 

Some examples of the diamine compounds represented by Formula [IV] and [IV-A] are given below. 
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IV- 10 
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— Qn-ch,ch = ch, 



Some examples of the compounds represented by Formula [V] are given below. 
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Some examples of the polymer compound of the invention represented by Formulae [III] and [lll-A] are 
given below. 
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Some examples of the formamide compound of the invention are given below. 
11-1 HCONH 2 
H-2 HCONhUCH 3 

55 The polymer compound of the invention may be used in a suitable amount according to a variety of the 
kinds of photographic light-sensitive materials used, the positions to which the polymer compound is added, 
the coating methods and so forth. It may be used preferably in an amount of 0.01 to 1.0 g per square meter 
of a photographic light-sensitive material and. preferably. 0.03 to 0.4 g. 
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The formamide compound of the invention is incorporated into a non-sensitive layer together with the 
polymer compound of the invention at a constitution ratio, preferably of 100 to 1000 weight parts per 100 
weight parts of the polymer compound. 

The polymer and formamide compounds of the invention hereinafter called the compounds of the 
5 invention are incorporated into the non-light-sensitive layers constituting a silver halide photographic light- 
sensitive material. Such non-light-sensitive layers include, for example, a surface protective layer, an 
interlayer. a filter layer, a backing layer, a subbing layer, an over-coating layer and so forth. Particularly, the 
compounds of the invention are preferably incorporated into an outermost layer of a silver halide 
photographic light-sensitive material, such as a backing layer and an over-coating layer, a layer adjacent to 
jo an outermost backing layer and or a layer adjacent to a subbing layer. 

The polymer compound of the invention may be used independently or in combination with various 
macromolecular substances to form the above-mentioned non-light-sensitive layers. 

The compound of the invention may be applied to such a layer as mentioned above in the following 
method. The compound of the invention is dissolved in water, an organic solvent such as methanol, ethanoi. 
;s acetone, methylethyl ketone, ethyl acetate, acetonitrile, dioxane, dimethyl formamide, formamide. dimethyl- 
sulfoxide, methyl cellosolve. ethyl cellosolve and so forth, or the mixture thereof, and the resulted coating 
solution is sprayed or coated, or the light-sensitive material is dipped into the solution, and then dried. 

The polymer compound of the invention may be used together with such a binder as gelatin, polyvinyl 
alcohol, cellulose acetate, cellulose acetate-phthalate. polyvinyl formal, polyvinyl butyral and the like, so as 
20 to form an antistatic layer. 

The supports applicable to the invention include, for example, films of poiyoieffm such as polyethylene, 
polystyrene, cellulose derivative such as cellulose triacetate, and polyester such as poiyethylenetereph- 
thalate. baryta paper, synthetic paper, paper coated on the both sides with the preceding polymers and the 
similar articles thereof. 

25 The silver halide light-sensitive materials of the invention include a variety of silver halide light-sensitive 

materials, for example, such an ordinary black-and-white light-sens.tive material as those for photographing. 

X-rays and graphic arts, such an ordinary multilayered color light-sensitive material as a color reversal film. 

a color negative film and a color positive film. The compound of the invention is particularly effective to 

high-speed silver halide light-sensitive materials. 
30 The light-sensitive materials of the invention are particularly effective for use at the conditions of a 

humidity not higher than 20°bRH. 

In the light-sensitive materials of the invention, the light-sensitive silver halide emulsion layers exhibit 

those containing an silver halide emulsion substantially having a light-sensitivity, namely, a silver halide 

emulsion having such a satisfatory light-sensitivity as is capable of forming a photographic image. For those 
35 silver halide emulsions, it is possible to use any of ordinary types of silver halide emulsions comprising 

silver bromide, silver bromoiodide. silver chloroiodide. silver bromochlonde. silver chloride and the like to 

serve as the silver halides. 

. The above-mentioned silver halide emulsions may be chemically sensitized by a sulfur-sens.tizat.on 
method, a selemum-sensitization method, a reduction-sensitization method, a noble mecal-sens.tization 
40 method or the like. 

The above-mentioned silver halide emulsions may be spectrally sensitized to a desired wavelength 
region by making use of the dyes known as the spectral sensitizing dyes in the photographic art. 

The silver halide photographic light-sensitive materials of the invention may also contain any of a variety 
of couplers, anti-color-foggants. hardeners, plasticizers, polymer latexes. UV absorbers, formalin scaven- 
gers. mordants, development accelerators, development inhibitors, fluorescent brightening agents, matting 
agents, lubricants, antistatic agents, surface active agents and so forth. 

The silver halide photographic light-sensitive materials of the invention can be developed by the same 
processes as those for the conventional silver halide photographic light-sensitive materials to form an 
image. 



50 



Examples 



55 The invention will be detailed with reference to the examples thereof. It is. however, to be understood 
that the invention shall not be limited thereto. 
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Refers - i Tial Example 



(Antistatic Property of the polymer compound of the invention) 



Fifteen (15) grams each of the polymer compounds (M. to 1-6) of the invention and comparative 
compounds (A) and (B) were dissolved respectively in 20 ml of water. The resulted solutions were diluted 
w respectively with a mixed solvent of 650 ml of methanol and 350 ml of acetone, and then coated 
respectively over one side of a polyethylene terephthalate film, and dried up. Each of the coated amounts 
was 150 mgm-. A specific surface resistance of each sample was measured to compare the antistatic 
properties of the samples. 

15 

Measurement of a specific surface resistance: 

An insulation resistance meter: Model TR-8651 made by Takeda Riken Co., Ltd. 
Electrodes: 10 cm length, 0.14 cm electrodes distance, made of brass (tip made of stainless steel). 
20 Time: one minute 

Conditions: 25" C and 30%RH 

The results are shown in Table- 1 



Comparative compounds 



C H j C H , 

4®i-CH.CH.4-CH.-Q- CH «-h 
I I „ 

CH 3 CH 3 2C«® Viscosity ° 0,12 

n - 10 



(A) 

30 



35 



(B) 

jo 



9 r o © Viscosity 0 0.10 

Viscosity was measured in an aqueous 1* NaCI solution of a 
oa% concentration at 30°C 

50 
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Table- 1 



is 



20 



Sample 
No. 



1 

2 
3 
4 
5 
6 



7 
8 



Antistatic Agent 



Polymer compound of the invention. 1-1 
Polymer compound of the invention. 1-2 
Polymer compound of the invention. 1-3 
Polymer compound of the invention. 1-4 
Polymer compound of the invention. 1-5 
Polymer compound of the invention. 1-6 



Comparative compound (A) 
ditto (B) 



Specific Surface 
Resistance (Q) 



5.5x10- 
3.3x10- 
4.9x10- 
2.5x10= 
3.2x1 0- 3 
4.0x1 0 2 



1.5x10' 
1.0x10' 



From the results shown m Tabfe-1, it is found that the polymer compounds of the invention can 
remarkably lower the specific surface resistance. 

The polymer compounds of the invention can dissolve well in organic solvents 

Example 1 



25 Each of the layers having the following composition was formed on a triacetyl cellulose film support in 
order from the support side to prepare a multilayered color photographic light-sensitive matenal Sample No. 

9. 



30 Layer 1 (an antihalation layer): 

a gelatin layer containing black colloidal silver and 2.2 g m 2 of gelatin. 



35 



JO 



-5 



Layer 2 (an interlayer): 

a gelatin layer containing an emulsified dispersion of 2.5-di-tert-octyl hydroquinone and 1.2 g rm of gelatin. 
Layer 3 (a low-speed red-sensitive silver halide emulsion layer): 

a monodispersed emulsion (EM-I). AgBrl (an average gram size of 0.30 am, Agl content of 6.0 moi-o . 
coated silver amount. 1.8 g m 2 : 
Sensitizing dye (I), 6x10~ 5 mol per mol of silver: 
Sensitizing dye (II). I.OxlO" 5 mol per mol of silver: 
Cyan coupler (C-l). 0.06 mol per mol of silver: 
Colored cyan coupler (CC-1), 0.003 mol per mol of silver; 
DIR compound (D-1). 0.0015 mol per mol of silver; 
DIR compound (0-2). 0.002 mol per mol of silver; and 
Gelatin, 1.4 g m z : 

so Layer 4 (a high-speed red-sensitive silver halide emulsion layer): 

a monodisperse emulsion (Em-ll). AgBrl (an average grain size of 0.5 urn, Agl content of 7.0 mo«%) 
coated silver amount. 1.3 gm 2 ; 
Sensitizing dye (I), 3xl0~ ; mol per moi of silver: 
55 Sensitizing dye (II), 1.0x10" 5 mol per mol of silver: 
Cyan coupler (C-1 ). 0.02 mol per mol of silver: 
Colored cyan coupler (CC-1) 0.0015 mol per mol of silver; 
DIR compound. D-2. in an amount of 0.001 mol per mol of silver: 
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Gelatin, of 1.0 g m-: 
Layer 5 (an interlayer): 
5 the same layer as Layer 2, containing gelatin of 1.0 gm 2 : 

Layer 6 (a low-speed green-sensitive silver halide emulsion layer): 

Em-I ... coated silver amount. 1 .5 g m 2 ; 
jo Sensitizing dye (III). 2.5x1 mol per mol of silver; 

Sensitizing dye (IV). 1.2x10~ € mol per mol of silver: 

Magenta coupler (M-1 ), 0.050 mol per mol of silver; 

Colored magenta coupler (CM-1). 0.009 mol per mol of silver; 

DIR compound (D-1), 0.0010 mol per mol of silver; 
/5 DIR compound (D-3). 0.0030 mol per mol of silver; 

Gelatin, 2.0 g m : ; 

Layer 7 (a high-speed green-sensitive silver halide emulsion layer): 

20 Em-ll ... coated silver amount. 1.4 g m 2 : 

Sensitizing dye (III). 1 5x1 0~^ mol per mol of silver: 

Sensitizing dye (IV). 1.0xl0~" 5 mol per mol of silver: 

Magenta coupler (M-1). 0.020 mol per moi of silver: 

Colored magenta coupler (CM-1). 0.002 mol per mol of silver: 
25 DIR compound (D-3). 0.0010 mol per mol of silver; and 

Gelatin. 1.8 g rn 2 : 

Layer 8 (a yellow filter layer): 

30 a gelatin layer containing an emulsified dispersion of yellow colloidal silver and 2.5-di-tert-octyl hydro- 
qumone. Gelatin. 1 .5 g m 2 : 

Layer 9 (a low-speed blue-sensitive halide emulsion layer): 

35 a rnongdispersed emulsion (Em-Ill). AgBrI (an average grain size of 0.48 am. Agl content of 6 mol°o) ... 
coated silver amount. 0.9 gm 2 : 
Sensitizing dye (V). 1.3x10" 5 mol per mol of silver. 
Yellow coupler (Y-1 >. 0.29 moi per mol of silver: 
Gelatin. 1.9 gm ; : 

40 

Layer 10 (a high-speed blue-sensitive silver halide emulsion layer) 

a monodispersed emulsion (Em-IV). AgBrI (an average grain size of 0.8 urn Agl content of 15 mol%), .. 
coated silver amount 0.5 g m 2 : 
J5 Sensitizing dye (V). 1 .0x10""^ mol per mol of silver: 
Yellow coupler (Y-1). 0.08 mol per mol of silver 
DIR compound (D-2). 0.0015 mol per mol of silver; 
Gelatin. 1.6 g m 2 

so Layer 1 1 (the first protective layer): 

a gelatin layer containing; 

AgBrI (an average grain siz of 0.07 urn, Agl content of 1 mol%) ... coated silver amount. 0.5 g.rn 2 ; 
UV absorbers (UV-1) and (UV-2): 
55 Gelatin. 1.2 g m 2 : 

Layer 12 (the second protective layer): 
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20 



a gelatin layer containing; 
CsFwSOiK (F-1). 20 mg m : ; 
Polyorganosifoxane, 50 mg m*; 

Polymethyl methacrylate grains, an average grain size of 3.5 urn: 

Ethyl methacry late-methyl methacrylate-methacrylic acid copolymer grains, an average gram size of 2.5 
urn: 

Formalin scavenger. (HS-1): 
Gelatin in an amount of 1.2 g m : : 

Besides the above, each layer was provided with polyethylene acrylate latex having an average particle 
size of 0.07 urn in a proportion of 10% by weight of gelatin gelatin hardeners H-1. and H-2. and surface 
active agents. 

Next, the layers having the following compositions were provided onto the back side of the support in 
order from the support side, respectively. 



Back Layer 1 : 



Polymer compound of the invention. 1-1 ... 150 mg m 2 : 
Diethylene glycol ... 10 mg m : : 

Back Layer 2: 



Oiacetyl cellulose ... 100 mg m : : 
Stearic acid ... 10 mg m z \ 
25 Fine silica grains, an average gram size of 0.2 um ... 50 mg.m* 
The layers of Sample No. 9 contain the following compounds: 

Sensitizing dye (I) : Anhydro-5.5 -dichloro.9-ethyl-3.3'-di-(3-sulfopropyl)thiacarbocyanine hydrox.de. 
Sensitizing dye (II) : Anhydro-9-ethyl-3.3-di-(3-sulfo propyl)-4,5.4 .5 -dibenzothiacarbocyan.ne hydroxide. 
Sensitizing dye (III) : Anhydro-5.5*-diphenyl-9-ethy 1-3.3 -di-<3-sulfopropyl)oxacarbocyanine hydrox.de. 
30 Sensitizing dye (IV) : Anhydro-9-ethyl-3.3'-di-(3-sulfopropyl)-5,6.5 .6 -dibenzooxacarbocyanme hydroxide. 



and 



Sensitizing dye (V) ; Anhydro-3.3 -di-(3-sulfopropyl)-4.5-benzo-5 -methoxythiacyanine. 
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H - 1 

25 



30 

H - 2 
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Sample Nos. 10 through 16 were prepared in the same manner as Sample No. 9. except that the 
compounds of the invention incorporated into the first back layer of Sample No. 9 were replaced as shown 
■*o jn Table-2. 

An antistatic property of those samples were inspected by checking a static mark appearance degree 
and a specific surface resistance. 

The static mark appearance degree was checked in the following manner; each unexposed sample was 
reserved at 25 'C and 25 8 oRH for 2 hours and the emulsion-layer side of the sample was rubbed with a 
■* neoprene rubber roller in a constantly air-conditioned dark room. Then the sample was developed, 
bleached, fixed, washed and stabilized by the following processing solutions, and the static mark appear- 
ance degree of the sample was chacked. 

The degree of the static mark appearance was evaluated by the following 4 grades. 
A : No static mark is found at all. 
so B : A few static marks are found. 

C : Considerable Static marks are found. 

D • Static marks are found on the nearly whole surface of the sample. 
A specific surface resistance was measured in the same manner as in the foregoing referential 

example. 
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Processing step 
(38* C) 


Processing j 
time 


Color developing 

Bleaching 

Washing 

Fixing 

Washing 

Stabilizing 

Drying 


3mm. ISsec. 
6mm. 30sec. 
3min. ISsec. 
6min. 30sec. 
3min. ISsec. 
imin. 30sec. 



The compositions of the processing solutions used in the above-mentioned processing steps were 
follows: 



Developing solution 



4-amino-3-methyl-N-ethyl-N-</3-hydroxyethyl)aniline sulfate 
Sodium sulfite, anhydride 
Hydroxylamine 1 2 sulfate 
Potassium carbonate, anhydride 
Sodium bromide 

Trisodium nitnlotriacetate. monohydrate 

Potassium hydroxide 

Water added to make total quantity 




Bleaching solution 


Ammonium ethylenediaminetetraacetate 


100.0 g 


Diammonium ethylenediaminetetraacetate 


10.0 g 


Ammonium bromide 


150.0 g 


Glacial acetic acid 


10.0 ml 


Water added to make total quantity 


1 titer 


pH adjusted with aqueous ammonia to 


6.0 



Fixing solution 


Ammonium thiosulfate 


175.0 g 


Sodium sulfite, anhydride 


8.5 g 


Sodium metasulfite 


2.3 g 


Water added to make total quantity 


1 liter 


pH adjusted with acetic acid to 


6.0 



Stabilizing solution 



Formalin (37% queous solution) 

Konidux manufactured by Konishiroku Photo Ind. Co.. Ltd. 
Water added to make total quantity 



1.5 ml 
7.5 ml 
1 liter 
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The results are shown in Table-2. 



Table-2 



10 



15 



Sample 
No. 


Antistatic agent 


Specific Surface 
Resistance (Q) 


Degree of 
Static Mark 


9 
10 
11 
12 
13 
14 


Polymer compound of the invention 1-1 

1-2 
1-3 
1-4 
1-5 
1-6 


7.7x1 0 5 
6.7x10* 
5.5x1 0 e 
4.3x1 0 3 
5.1X10 5 
5.3x10 2 


A 

A j 

A 

A 

A 

A 


15 
16 


Comparative compound (A) 
ditto (B) 


3.3xl0' 3 
5.3x10'° 


C 
B 



From the results shown in Table-2. it .s found that, hi the samples of the ,nvent.on. the spec.fic surface 
20 res,*ances a* Ttower "2d any stat.c marks are not found at a... and that they prov.de exce.lent ant.stafc 

Pr ° P .t Talso found that ,n preparing the samples of the invention, they prov.de an excellent layer forming 
property in coating to form uniform coated layers. 



25 



Example 2 



With respect to Samples No. 12 through No. 16 m Example 1 and Sample No. 17 .ncorporating a 
30 comZat-ve compound (C). a spec.fic surface res.stance was measured in the same manner as .n the 
foXg Referential Example at the conditions of 25' C and 10%RH. The resu.ts are shown .n Table 3. 

Table 3 



35 



•iO 



45 



Sample 
No. 


Antistatic Agent 


Specific Surface 
Resistance (Q> 


12 


Polymer compound of the invention I-4 


1.0x10' = 


13 


Polymer compound of the invention I-5 


2.5x10" c 


14 


oolymer compound of the invention I-6 


3.7x10*- 


15 


Comparative Compound (A) 


4.0x10^ 


16 


ditto (B) 


9-5x10 :c 


17 


ditto (C) 


7.5x10* c 
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Comparative compound (C) 




From the results shown in Table 3. it is found that, in the samples of the invention, the specific surface 
resistance is lower and the antistatic property is also excellent even at the condition of as low humidity as 
/5 10°'oRH. 

Example 3 



A coating solution (1) of the following composition was coated and dried on one side of a cellulose 
triacetate film to a coated amount of 20 ml m 2 . and a coating solution (2) of the following composition was 
coated thereon and dried to a coated amount of 20 ml m : to prepare Sample No. 18 having total thickness 
of 125 u.m. 



Coating solution (1) 






Weight 




parts 


Polymer compound of the invention (I-9) 


0.8 


Formamide compound of the invention (11-1) 


3 


Methanol 


57 


Acetone 


40 


Coating solution (2) 




Cellulose diacetate 


1 


Acetone 


50 


Ethyl acetate 


50 



Sample No. 19 was prepared in the same manner as Sample No. 18. besides that the formamide 
compound (11-1) was replaced with ethylene glycol. Likewise. Samples No. 20 to 23 were prepared by 
replacing the formamide compound with the compounds as shown in Table 4. 
45 A specific surface resistance and a haze value of each sample were measured by the following 
methods to compare an antistatic property and a transparency of a coated film. Specific surface resistance: 
was measured in the same manner as in Referential Example. Haze value: 

Six piled sample pieces (2.5 cm x 2.5 cm) were put into a film holder and a transparency was measured by 
a turbidimeter manufactured by Tokyo Denshoku Co.. Ltd. 
so The results are summarized in Tabie-4. 
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Table-4 



Sample No. 


Polymer 


Formamide compound 


Specific surface 


Haze 


compound 




resistance 


value ( 0/ o) 


10 (Invention) 


1-9 


Formamide (1-1) 


7x10 3 


3.5 


1 1 (Comparison) 


1-9 


Ethylene glycol 


7x10* 


7.0 


12 (Comparison) 


1-9 


Methanol 


1.5x10 = 


1 1.5 


13 (Comparison) 


1-9 


Ethyl lactate 


2.5x10' c 


8.5 


14 (Comparison) 


1-9 


N.N-dimethylformamide 


2x10 ,c 


9.0 


15 (Comparison) 


1-9 


Diethyiene glycol 


7x10 3 


6.0 



Next, the monodispersed AgBrl emulsion containing Agl of 15 mol% was coated on the another side of 
15 the support m each of Sample Nos. 7 to 12 to a coated silver amount of 1.5 g. rrr to prepare the samples of 
a silver halide photographic light-sensitive material. Each unexposed sample was reserved at 25 C and 
25% RH for two hours and an emulsion layer side was rubbed with a neoprene rubber roller in a consantly 
air-conditioned dark room. Then, the sample was processed by the conventional processing solutions used 
for a negative light-sensitive material. Appearance of a static mark was inspected to find that no static 
20 marks had been observed on the surface of the samples of the invention. 

The followings can be found from the preceding results in the samples of the invention: 

- the specific surface resistances of the samples of the invention are lower than those of the comparative 
samples. 

- the static marks are never found on the samples of the invention, 
25 - film formation is excellent in coating an antistatic layer, 

- and therefore, a coated film is excellent in transparency and strength. 



Effects of the Invention 

30 



35 



As described in detail, the present invention can provide the silver halide photographic light-sensitive 
material comprising an excellent antistatic layer with a superior antistatic property as well as good film 
transparency and strength. 



Claims 

1. An antistatic silver halide photographic light-sensitive material having a support, provided thereon, at 
least one light-sensitive layer and at least one non-light-sensitive layer, wherein said at least one non-hght- 
sens.tive layer comprises a polymer compound consisting essentially of a repeated structural unit repre- 
sented by Formula [I]: 

Formula ( I ] 



50 




wherein Z< and Z 2 represent the group of the atoms necessary to form a six-membered ring with - N -: R 
represents a divalent group: R- and R 2 represent independently one selected from the group consisting of 
an alkyl group and an aryl group: R 3 represents a hydrocarbon group: X e and X 2 @ represent an anion: a 
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10 



75 



20 



25 



and t represent an integer of 0 and 1 . 

2 The material of claim 1 . wherein the divalent group represented by R is an alkylene group. 

3*. The material of claim 1 or 2. wherein the alkyl group represented by R* and R 2 comprises 
independently 1 to 10 carbon atoms. 

4 The material of claim 3. wherein the alkyl group is a methyl, ethyl or propyl group. 

5. The material of claim 1 or 2. wherein the aryl group represented by R- and R 2 comprises 
independently 6 to 12 carbon atoms. 

6. The material of claims 1 to 5. wherein the hydrocarbon group represented by R 3 comprises 1 to 20 

carbon atoms. ~ o . . 

7. The material of clams 1 to 6. wherein the anion represented by X< e and X : e is a halogen ion. 

RcOSOi- R*S0 3 - or (HO^POO". 

8. The material of claim 7. wherein R* represents a hydrogen atom, a substituted or non-substituted 
phenyl group, or an alkyl group having 1 to 8 carbon atoms. ,^ aMH 

9 The material of claims 1 to 8. wherein the polymer compound consisting essentially of a repeated 
structural unit represented by Formula [I] is the polymer compound represented by Formula [III]: 

Formula (IE I 

e e 

X 1 . X j 
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wherein R. R.. R 3 . R 3 . X- e and X 2 e represent the groups as those defined in Formula [U: n represents an 
integer of 1 to 200. 

10 The material of claim 9. wherein the divalent group represented by R is an alkylene group. 
11. The material of claims 9 and 10. wherein the alkyl group represented by R- and R 2 comprises 
independently 1 to 10 carbon atoms. 

12 The material of claim 1 1 . wherein the alkyl group is a methyl, ethyl or propyl group. 

13. The material of claim 9. wherein the aryl group represented by R< and R 2 comprises independently 

6 to 12 carbon atoms. , , n . ^ i . 

14. The material of claims 9 to 13. wherein the hydrocarbon group represented by R 3 comprises 1 to 

^^^fTatenal of claims 9 to 14. wherein the anion represented by X- e and X 2 e is a halogen ion. 

16. The material of claim 15, wherein FU represents a hydrogen atom, a substituted or non-substituted 
phenyl group or an alkyl group having 1 to 8 carbon atoms. 

17 The material of claims 9 to 16. wherein n is an integer of 3 to 100. 

18. The material of claims 9 to 17. wherein the compound represented by Formula [III] is the mixture 
comprising of the compounds having different n number. 

19 The material of claim 18. wherein n represents an average number. 

20. The material of claims 1 to 8, wherein the polymer compound consisting essentially of a repeated 
structural unit represented by Formula [I] is the polymer compound represented by Formula [ill-A]: Formula 
[lll-A] 
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Formula [HI -A] 



20 



50 



55 



R, R i 

wherein R-, R 2 . R 3 . X, e and X 2 e represent the same groups as those defined in Formula [I]: n represents 
an integer of 1 to 200. 

21 The material of claim 20. wherein the divalent group represented by R is an alkylene group 
22. The material of claims 20 and 21. wherein the alkyl group represented by R- and R; comprises 
independently 1 to 10 carbon atoms. 

23 The material of claim 22. wherein the alkyl group is a methyl, ethyl or propyl group. 

24. The material of claim 20. where.n the aryl group represented by R, and R ; comprises indepen- 
dently 6 to 12 carbon atoms. 

25. The material of claims 20 to 24. wherein the hydrocarbon group represented by R 3 comprises 1 to 

20 carbon atoms. Q ^ 

26. The material of claims 20 to 25. wherein the anion represented by X- e and X_-« .s a halogen ,on. 

RcOS0 3 - . R»S0 3 _ or (HOH-POO - . 

27. The material of claim 26. wherein R» represents a hydrogen atom, a substituted or non-substituted 
25 phenyl group or an alkyl group having 1 to 8 carbon atoms. 

28. The material of claims 20 to 27. wherein n is an integer of 3 to 100. 

29. The material of claims 20 to 28. where.n the compound represented by Formula [lll-A] .s the 
mixture comprising of the compounds having different n number. 

30 The material of claim 29. wherein n represents an average number. 
30 31 The material of claims 20 to 30. wherein said at least one non-light-sen S1 t.ve layer comprising sa.d 
polymer compound is a surface protective layer, an interlayer. a filter layer, a backing layer, a subbing layer 

or an overcoat layer. . . . , 

32. The material of claim 31. wherein the non-light sensitive layer is a backing layer or an overcoat 

35 ,<iye 33. The material of claim 31 or 32. where.n said at least one non-light-sens.tive layer is formed by sa.d 
ooivmer compound in combination with other poiymer substances. 

34. The material of claim 33. wherein said at least one non-light-sensitive layer is formed singly by sa.d 

polymer compound. , 

35 The material of claims 31 to 34. wherein an amount of said polymer compound added to the non- 
40 hght-sensitive layer >s 0.01 to 1 .0 g per nv of the silver halide photographic light-sensitive material. 

36. The material of claim 35. wherein the amount is 0.03 to 0.4 g per nv of the light-sensitive materia . 

37. The material of claims 20 to 36. wherein said polymer compound represented by Formula [lll-A] .s 
formed by reaction of the compounds represented by Formulae [IV-A] and [V-A]; 



25 



EP 0 366 853 A1 

Formula [IV -A] 




R— N W N R 2 



10 



Formula (V -A] 

X 1 - R 3 - X 2 



is 



wherein R? . R 2 . R 3 . X- and X; represent the same groups as those defined in Formula [I]. 

38. An antistatic silver halide photographic light-sensitive materia! having a support, provided thereon, at 
least one light-sensitive layer and at least on non-light-sensitive layer, wherein said at least one non-light- 
20 sensitive layer comprises a polymer compound consisting essentially of a repeated structural unit repre- 
sented by Formula [I], and a formamide compound represented by Formula [II]; 



Formula { I J 



25 



{ 



N ,-t- R 



X.® 




Formula [n ] 

35 



40 



H-C-N 

Rt 



wherein Z« and Z 2 represent the group of the atoms necessary to form a six-membered ring with - N® R 
represents a divalent group: R- and R? represent independently one selected from the group consisting of 
an alkyl group and an aryl group: R3 represents a hydrocarbon group: Rs and Rs represent independently a 
hydrogen atom or an alkyl group; X- e and Xr e represent an anion: a and t represent an integer of 0 and 1. 

39. The material of claim 38. wherein the divalent group represented by R is an alkylene group. 

40. The material of claim 38 or 39. wherein the alkyl group represented by R« and R2 comprises 
independently 1 to 10 carbon atoms. 

41 . The material of claim 40. wherein the alkyl group is a methyl, ethyl or propyl group. 

42. The material of claim 38 or 39. wherein the aryi group represented by Rt and R 2 comprises 
independently 6 to 12 carbon atoms. 

43. The material of claims 38 to 42. wherein the hydrocarbon group represented by R3 comprises 1 to 
20 carbon atoms. 

44. The material of claims 38 to 43. wherein the anion represented by Xt e and X 2 e is a halogen ion. 
R±OS0 3 - R*S03" or (HO POO"". 

45. The material of claim 44. wherein R& represents a hydrogen atom, a substituted or non-substituted 
phenyl group, or an alkyl group having 1 to 8 carbon atoms. 
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46. The material of claims 38 to 45. wherein one of R<= and R; is always a hydrogen atom. 

47. Th material of claim 1. wherein the polymer compound consisting of essentially of a repeated 
structural unit represented by Formula [I] is the polymer compound represented by Formula [II]: 

Formula (I J 

r, z> Zl 

e e 

X t , X j 

wherein R, R« , R 2 . R 3 . X s and X 2 e represent the same groups as those defined in Formula [I]; n 
represents an integer of 1 to 200. 

48 The material of claim 47. wherein the divalent group represented by R is an alkylene group. 

49. The material of claim 47 or 48. wherein the alkyl group represented by R< and R 2 comprises 
independently 1 to 10 carbon atoms. 

50 The material of claim 49. wherein the alkyl group is a methyl, ethyl or propyl group. 

51. The material of claim 47 or 48. wherein aryl group represented by R- and R 2 compns s 
independently 6 to 12 carbon atoms. 

52. The material of claims 47 to 51. wherein the hydrocarbon group represented by R? comprises 1 to 

20 carbon atoms. „ « . 

53. The material of claims 47 to 52. wherein the anion represented by X-® and X 2 « .s a halogen -on. 

FkOSOa-. R*S0 3 -or (HO ^ POO" ^ , „ 

54. The material of claim 53. wherein R* represents a hydrogen atom, a substituted or non-subst.tuted 

phenyl group or an alkyl group having 1 to 8 carbon atoms. 

55. The material of claims 47 to 54. wherein n is an integer of 3 to 100. 

56. The material of claims 47 to 55. wherein the compound represented by Formula [III] is the mixture 
comprising of the compounds having different n number. 

57 The material of claim 56. wherein n represents an average number. 

58 The matenai of claim 38, wherem the polymer compound consisting essentially of a repeated 
structural unit represented by Formula [I] is the polymer compound represented by Formula [lll-A]: Formula 
[lll-A] 

Formula (HI -A] 




wherein R-. R 2 . R 3 . X- e and X 2 Q represent the same groups as those defined in Formula [I]; n represents 
an integer of 1 to 200. 

59 The material of claim 58. wherein the divalent group represented by R is an alkytene group. 
60. The material of clam 58 or 59. wherein the alkyl group represented by Ri and R 2 comprises 
independently 1 to 10 carbon atoms. 

61 The material of claim 60. wherein the alkyl group is a methyl, ethyl or propyl group. 

62. The material of claim 58 or 59. wherein the aryl group represented by R^ and R 2 comprises 
independently 6 to 12 carbon atoms. 

63. The material of claims 58 to 62, wherein the hydrocarbon group represented by R 3 comprises i to 

20 carbon atoms. 
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64. The material of claims 58 to 63. wherein the anion represented by X* e and X 2 G is a halogen ton. 
RdOSOi* FUS0 3 - or (HO>2-POO- 

65. The material of claim 64. wherein R* represents a hydrogen atom, a substituted or non-substituted 
phenyl group or an alkyl group having 1 to 8 carbon atoms. 

5 66. The material of claims 58 to 65. wherein n in an integer of 3 to 100. 

67. The material of claims 58 to 66. wherein the compound represented by Formula [Ill-A] is the 
mixture comprising of the compounds having different n number. 

68. The material of claim 67. wherein n represents an average number. 

69. The material of clams 58 to 68. wherein said at least one non-light-sensitive layer comprising said 
to polymer compound is a surface protective layer, an interlayer. a filter layer, a back layer, a subbing layer or 

an overcoat layer. 

70. The material of claim 69. wherein the non-light sensitive layer is a backing layer or an overcoat 
layer. 

71. The material of claim 69 or 70, wherein said at least one non-light-sensitive layer is formed by said 
75 polymer compound in combination with other polymer substances. 

72. The material of claim 71, wherein said at least one non-light-sensitive layer is formed singly by said 
polymer compound. 

73. The material of claims 69 to 72, wherein an amount of said polymer compound added to the non- 
hght-sensitive layer is 0.01 to 1.0 g per m 2 of the silver halide photographic light-sensitive matenal. 

20 74. The material of claim 73. wherein the amount is 0.03 to 0.4 g per m 2 of the light-sensitive material. 

75. The material of claims 38 to 46. wherein an addition ratio of said formamide compound is 100 to 
1000 weight parts per 100 weight parts of said polymer comppound. 

76. The material of claim 58. wherein said polymer compound represented by Formula [lll-A] is formed 
by reaction of the compounds represented by Formulae [IV-A] and [V-A]; 
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Ri — N ) — ( N R 2 
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Formula (V -A] 

X1 - R 3 - X 2 



*0 

wherein R- . R 2 . R3, X- and X 2 represent the same groups as those defined in Formula [I]. 
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